Damped Harmonic Oscillator Driven by Stnusoidal Drving Function
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| Resonance in a damped harmonic oscillator driven by a sinusoidal forcing
function

(> deq:= (D@E2) (y) (£)+k[0]1*D(y) (t) +omega[0]*2*y (t)
=B[0] *cos (omega*t) ;

‘ 2
I deq == (DP)(y)(2) + ky D(y)(2) + 0, y(t)=B,cos(ot)
[ > steady state:= B[0] /omega[0]*2 *A dimensionless*cos(omega*t-delta);

B, A_dimensionless cos(® t — 3)

steady state .= —
L @
r Amplitude of response to sinusoidal driving function in units of the natural frequency as a function of
| the approximate "Quality factor" of the system:
[ > W=omega/omegal[0]; 'Q'=omega[0] *tau[0];

®
W=—o

- O

L Q=0,7,
| > A dimensionless:=unapply (1/sqrt((1-W*2)*24W*2/Q*2), (W,Q)):
A dimensionless=A dimensionless(W,Q);
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f The red zone is the slightly underdamped case With no resonance peak, with the critically damped case
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as the lowest red curve. The overdamped cases have no resonance peak. Note how the resonance peak
moves closer and closer to the natural frequency W = 1 as the ) factor increases (higher peaks). The

, : _ 1 1 1 1
een curves have O =1 .. 6, while the blue curves have Q =— .. —. Between Q =—.. —, the
gr o ] | Q: 3" 10" O Q= 5 ﬁ

system is slightly underdamped but no resonance peak exists. [Set W-derivative to zero to locate local
maximum. ] ‘

> phaseshift:=(W,Q) ->arctan (W/Q,1-W"2);
W WA
phaseshift .= (W, Q) > arctan[—-Q—, 1- WZJ e, archn( |32

[ > plot([Pi,Pi/2,phaseshift(W,1/40) ,phaseshift(W,1/2),seq(phaseshift (
W,i) ,i=1..6) ,phaseshift(W,40)] ,W=0..4,color=black) ; \
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